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Ahst ract 

Wise 253 (Consolidated Gas Supply Co. Well #20338) was characterized by 

70 samples from the 400’ core. 

Shale, Three Lick Bed, upper-middle portion of the Huron Member and the lower portion 

of the Huron Member. 

Stratigraphic units sampled include the Cleveland 

Twenty-six variables were measured on each sample, and associations between 

variables were examined by means of correlation matrices, Associations are examined 

in terms of the overall well, in terms of specific lithotypes, and in terms of 

stratigraphic units,.balysis of variance procedures were utilized t o  detect differences 

in compositional and petrophysical parameters among stratigraphic units and lithologic 

types. 

Supportive data in terms of illustrations, graphs, statistical analysis and 

raw data are given in the appendices; summary conclusions and recommendations are 

presented at the end of the text. 
’ . -  , . - ,  

Numerous natural fractures were gas shows were 

had some porosity as evidenced by micro-mineralization revealed by SEM. The fracture 

surfaces were seen by SEM to be tightly sealed making recharge of any porosity associated 

with the fracture virtually impossible. 

to be tightly mineralized and unproductive. No evidence of a microfracture system exists. 

Shale wells located in areas dominated by low angle thrusting seem to offer no advantage 

in tern of fracture permeability or porosity. 

High angle near vertical fractures were seen 
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Figure 1. 

wells studied by the West Virginia Geological and Economic Survey under the 

Eastern Gas Shales Project. This report deals with CGTC well ly20338 (Wise-253) 

located on the Pine Mt. nmt plate. 

Location map showing distribution of Consolidated Gas Sumly  COT. 
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Figure 2 .  

i n  r i g h t  hand coluum (Joe Schwietering, personal corn.). No gas shows were 

indicated 5y the t e q e r a t u r e  log, b u t  the well w a s  productive after stimulation. 

Vertical p r o f i l e  of Wise 253 with st ra t igraphic  divisions shown 
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Evaluat ion o f  Analy t ica l  Methodology 

Bulk 3 e n s i t y  - Prec i s ion  o f  bulk d e n s i t y  is b e t t e r  than  0.005 g/cc.  

I t  i s  repor ted  t o  two decimal p laces ,  bo th  being v a l i d  and r e l i a b l e .  

Matrix Densi ty  - Prec i s ion  o f  mat r ix  d e n s i t y  i s  b e t t e r  than  0.01 g/cc.  

Severa l  methods of  dens i tyde termina t ion  were examined, b u t  t h e  vacuum c r u c i b l e  

method devised by Nuhfer was as reproducib le  as any ASTM method examined and was 

much fas ter .  Rock powders d r i e d  a t  room temperature  were u t i l i z e d .  I t  was proven 

by examination of  sample on ind iv idua l  thermograms t h a t  ground sha le s  d r i e d  a t  

high temperatures ( 80-100°C) , even a t  atmospheric p re s su re ,  l o s e  hydrocarbon material, 

a f a c t o r  which w i l l  r e s u l t  i n  erroneously h igh  p o r o s i t y  being c a l c u l a t e d  from dens i ty  

measurements. Comparison wi th  material balance dens i ty  shows only  a few v a r i a t i o n s  which 

might be caused by erroneous da t a .  

Po ros i ty  - Prec i s ion  i s  b e t t e r  than  0.5%; c a l c u l a t e d  from bulk and matrix dens i ty .  

The low range of  p o r o s i t y  values  a v a i l a b l e  gene ra l ly  prevents  l inear c o r r e l a t i o n s  from 

being e s t a b i l i s h e d  with any o t h e r  v a r i a b l e s .  

Loss on I g n i t i o n  - Measured on a high p r e c i s i o n  (+O.OOl g) balance on samples a t  

least 2 g i n  weight. P rec i s ion  appears t o  be ae?t&@Zi4tfbQ~ h v a r i a t i o n s  .y 
being caused by sample inhomogeneity and non-uniform'heating of  t h 6  '&u f l e  furnace .  

r- - 
Organic matter i s  approximated by LO1 

--4 500% u -L55Gq, r - I . 2  'a b S 4 A . l  s:c;np'&T, 8 . S A . i  > T m  55 0- 

X-ray Diffraction . ane ra logy  - Prec i s ion  estimated as + l o %  p e r  determinat ion on 

mineralogy) 10% i n  t o t a l  concentrat ion;  

between 5%-10% and as much as ~ 1 0 0 %  on low concent ra t ion  ma te r i a l s .  A t  t h i s  t ime,  

unce r t a in ty  with r e spec t  t o  s to i ch iomet r i c  composition, amounts of  any amorphous 

minera l lo ids  and f u r t h e r  lack of information with r e spec t  t o  effects  o f  matrix d i f fe rences  

250% on minerals p re sen t  i n  concent ra t ion  
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(arising from compositional changes between thinly laminated lithotypes at one end, 

and non-banded lithoty-pes at the other) prevent one from making complete estimates of the 

accuracy of determination o f  each mineral. Comparisons of X-ray diffraction data with 

preliminary geochemical data and of X-ray diffraction-based material balance density 

with matrix density are still in progress. 

Total Sulfur-Precision is apparently - +15% per determination from analyses of 
ground sample. 

Thin Section Point Counts - As discussed in Nuhfer, Vinopal and Hohn (19781, point 

counting of  shales appears imprecise relative to estimating amounts of mineralogic and 

organic components in Devonian Shales. The percent of silt, assumed to be proportional 

to the amount of thin section quartz-feldspar, is useful in making sedimentologic inter- 

pretations and was determined f o r  each sample. Additionally, thin section petrography 

was used extensively in fabric analysis of shale lithotypes and in examining crystal 

textures in filled fractures. Reproducability depends on consistence of  microscopist. 

It is advisable to have only one microscopist do all of the point counts for a sigle 

well in order to yield the b e s t  between-sample comparisons. 

Sample Selection - Samples must be selected and carefully prepared so that truly 

equivalent rock material is compared on all tests. This was accomplished by vertical 

slabbing of material from the thin-section blank f o r  petmphysical, mineralogical, and 

geochemical analyses. The necessity of adhering to a scheme to produce equivalent 

samples cannot be overemphasized. It is imperative that only a skilled, conscientious 

* which 
epl icat ions reconf inned 

technician be entrusted with responsibi 

yielded apparently anomalous 

the anomalous values, the data w 

cases that an abrupt lateral 

producing anomalous values. 

exists in these 
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Charac te r iza t ion  of Overal l  Core 

Petrophysical  and Log Parameters 

Five types o f  dens i ty  were der ived f o r  each sample from t h e  sub jec t  well: 

1) bulk dens i ty  - measured by immersion o f  krylon-coated sawed blocks of  whole 

sample i n  kerosene. 

2) matrix dens i ty  - the  dens i ty  of t h e  ground whole - sample as measured by the  

vacuum-crucible method descr ibed by Nuhfer (1978). 

3) gra in  dens i ty  - t h e  dens i ty  of the  c r y s t a l l i n e  component o f  t he  sha les  as determined 

from X-ray mineralogy and e s t ab l i shed  mineral  dens i ty  values tabula ted  i n  a number 

of reference sources .  Note t h a t  t h i s  dens i ty  excludes organic  matter and any amorphous 

( t o  X-ray) mineral loids .  

4) mater ia l  balance dens i ty  - a dens i ty  computed from the  whole r o c k  composition as 

e s t ab l i shed  by estimates of organic  matter f r o m  l o s s  on i g n i t i o n  between lOOOC and 

550°C; from non-pyr i t ic  mineralogy as determined by X-ray d i f f r a c t i o n  and p y r i t i c  

mineralogy as back-calculated from t o t a l  sulfur (LECO) analyses .  This was used only as 

a check aga ins t  matrix dens i ty  t o  loca t e  sampl 

a d i r e c t l y  measured matrix dens i ty  and a densi  

balance dens i ty  i s  not  used as a c o r r e l a  

aritY between 

1 

, 7 r  r -  - 

- 1  

5 )  log dens i ty  - t h e  dens i ty  taken free 

j e c t i v e l y  se l ec t ed  as corresponding t 

Poros i ty  w a s  c a l cu la t ed  from bulk and m a t r i x  dens i ty .  Prec is ion  o f  bulk and matr ix  

dens i ty  i s  about 20.01 g/cc.  This y i e l d s  a corresponding po ros i ty  p rec i s ion  of about 

t o  . 5 % ,  
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S t a t i s t i c a l  Cor re l a t ions  f r o m  

Overa l l  Core - Pet rophys ica l  Parameters 

A d i scuss ion  on the  i n t e r p r e t a t i o n  o f  c o r r e l a t i o n  mat r ices  i s  p resen t  i n  

Nuhfer, Vinopal, and Hohn (1979) and should be read  by par t iesexamining  t h e  series 

of open f i l e  well r e p o r t s  prepared by us.  Only c o r r e l a t i o n s  wi th  a p r o b a b i l i t y  

g r e a t e r  than  95% are d iscussed  here .  

Bulk Density - Sample der ived  bulk d e n s i t y  shows a weak negat ive  c o r r e l a t i o n  (-.56) 

with LOI100-55OOC r e f l e c t i n g  t h e  low d e n s i t y  of  organic  ma t t e r .  The low c o r r e l a t i o n  

i s  l i k e l y  due t o  t h e  circumstance t h a t  p y r i t e  conten t  (high d e n s i t y  component which 

g r e a t l y  effects dens i ty)  i s  not  d i r e c t l y  p ropor t iona l  t o  the  organic  con ten t .  A high 

p o s i t i v e  c o r r e l a t i o n  with matrix d e n s i t y  (c.85) i s  explained by the  low p o r o s i t y  of  

t he  s h a l e  and documents good p r e c i s i o n  i n  measurements o f  d e n s i t i e s  i n  the  l abora to ry .  

Matrix Density - Cor re l a t ions  o f  matrix d e n s i t y  mimic those  o f  bulk d e n s i t y  due t o  the  low 

poros i ty  of  t h e  s h a l e s  and are d iscussed  above. 

Po ros i ty  - Poros i ty  shows a nega t i  

t rends  show up wi th in  ind iv idua l  

t h e  expected lower bulk 

&?h" & l z y i t y  (-.58). S i m i l a r  
* -LJu 

ought t o  ref lect  
- 1  

matrix d e n s i t i e s  

of 2.50 t o  2.60 seem t o  be nd ica t e  t h a t  

an organic  component or s i l  noted i n  organic  r i c h  s h a l e s  are a s s o c i a t e d  with 

p o r o s i t y .  The a s s o c i a t i o n  between p y r i t e  and p o r o s i t y  noted by us i n  t h e  non banded 

s h a l e s  of  t h e  3 o t h e r  wells s tud ied  i s  a l s o  p re sen t  i n  t h i s  well (+.58). 

Log Density - A p o s i t i v e  c o r r e l a t i o n  with 14OA c l a y  ( + . 5 8 )  may ref lect  more c l a y  

( l e s s  organic  mat ter)  i n  h igher  dens i ty  sha le s .  Cor re l a t ion  with bulk d e n s i t y  i s  low 

(+.51) as t h e  sample depth could not  be co r rec t ed  t o  log  depth.  LOI100-550°C shows an 

expected negat ive  c o r r e l a t i o n  ( -  . 63 )  with log dens i ty ,  bu t  t h e  uncorrected sample depth 

limits t h e  c o r r e l a t i o n .  
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Gamma Ray Log Response - Negative c o r r e l a t i o n  between t h i s  v a r i a b l e  and log  d e n s i t y  

( - .46)  is p r e d i c t a b l e  as a consequence o f  t h e  well documented a s s o c i a t i o n  of  h ighe r  

r a d i o a c t i v i t y  and organic  matter i n  s h a l e s .  LO1100-550°C shows a weak negat ive  c o r r e l a t i o n  

(-.30) w i t h  gamma may response due t o  uncorrected sample depths .  
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S t a t i s t i c a l  Corre la t ion  from 

Overal l  Core - Analy t ica l  Parameters 

Sample depth - Corre la t ions  with sample depth genera l ly  arise from a parameter 

having a h igher  value wi th in  a s p e c i f i c  s t r a t e g r a p h i c  un i t .  As such, the  co r re l a t ions  

of  sample (depth) with LO1 SSO-1OOOOC (+.49), s i l t  ( - . 6 3 ) ,  quar tz  (-.46), a n d p l a g i o -  

clase (-.48) do not  i n d i c a t e  continuous t rends  with depth.  Analyses of  s i g n i f i c a n t  

d i f fe rences  i n  parameters by l i t h o l o g i c  types and s t r a t i g r a p h i c  units i s  presented 

under ana lys i s  of  var iance.  

LOSS on I g n i t i o n  100-550°C - Negative c o r r e l a t i o n s  with bulk dens i ty  ( - .56) ,  matr ix  

dens i ty  (-.SO) and log dens i ty  ( - . 6 3 )  ref lect  t h e  low dens i ty  o f  organic  matter. 

Pos i t i ve  c o r t e l a t i o n s  with p y r i t e  (+.48) and s u l f u r  ( + . 4 3 )  are explained by preserva t ion  

of organic  matter and formation of  p y r i t e  being favored under low Eh condi t ions .  The 

negat ive c o r r e l a t i o n  of LOI100-5SO°C with 140A c l a y  ( - . 5 6 )  reflects the  dilution of 

c l ays  by q u a r t z  i n  organic- r ich  s h a l e s .  

Loss on I g n i t i o n  550-1OOOOC- The p o s i t i v e  c o r r e l a t i o n  with matr ix  dens i ty  (9.46) r e f l e c t s  

p a r t i a l  loss of  sulfur from s u l f i d e s  as SO2 

with p lag ioc lase  (-.54) is l i k e l y  due t o  

c o r r e l a t i o n  between quar tz  and plagroc , r l  3 

I - h-r: - L d . - l  3 
Sulfur  - Sul fu r  shows a s tong 

of the  sulfur is present  as p y r i t e .  

t o  t he  inverse r e l a t i o n s h i p  between p y r i t e  and s i d e r i t e  (-.43). 

S i l t  - Petrographic  quar tz  - f e ldspa r  ( s i l t )  has a low p o s i t i v e  c o r r e l a t i o n  with t o t a l  

quar tz  (+ .67 )  suggest ing t h a t  much of t he  quar tz  i n  t h e  sha les  is c l ay  s i zed .  The 

9 

p o s i t i v e  c o r r e l a t i o n  with p l ag ioc la se  (+.9cI) reflects p l ag ioc la se  t r a v e l i n g  as a 

d e t r i t a l  mineral with quartz. 

I l l i t e  - I l l i t e  has a p o s i t i v e  c o r r e l a t i o n  with 14 O A  c lays  ( + . 5 2 )  due t o  t h e  c l a y  

s ize  f r a c t i o n  t r a v e l i n g  toge ther .  
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Plagioclase - Plagioclase has a weak correlation with calcite (+.48). This correlation 

is meaningless, being produced by a few sampleshigh in calcite. 

The following correlations are produced by dilution effects in a closed data 

set. 

Silt - Illite (-.61) 

Silt - 140A Clay (-.48) 

Q u a r t z -  Illite (-.92) 

Plagioclase - Illite (-.60) 
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Statistical Correlations by Lithologic Type 

Four lithologic types occur in sufficient abundance to allow statistical 

analysis; sharply - banded shale, thinly-laminated shale, lenticularly-laminated shale 
and non banded shale. Theshalelithotypes are described in detail in Nuhfer, Vinopal, 

and Hohn (1978) and Vinopal, Nuhfer, and Hohn (1979) and will not be detailed here. 

m e  small sample size limits the usefullness of the correlations. Only correlations 

with a probability greater than 95% are discussed here. 

Sharply-Banded Shale 

Bulk Density - Bulk density shows a negative ( - . 71 )  correlation with LOI100-550°C 

due to the low density of organic matter. A negative correlation with calcite (-.62) may 

be related the weak positive correlation (+ -52) between L0I10O-55O0C and calcite. 

Bulk density has a good correlation (+ .78)  with log  density, which is the highest f o r  

any lithotype. The negative correlation ( - . 6 5 )  with porosity is reflected in the trend 

for the overall well. 

Log Density - Log density shows a weak (-.65) negative correlation with LO1100-550°C 
reflecting the low density of organic matter. The correlations with matrix density 

(+.82) and bulk density are surprisingly high 
L uL-' 

corrected to the log  depth. Positive cow@$ 

of pyrite and higher density. Negative cormel 

h L p I S j O - ~ o ' i j ~ o  C ieflects association 
C 

, ,  
- 

. .  . 
1 ' 9  ' Y  

'with .b&io6kwi 1 T - A ~ . ~  
P -  

calcite (-.61) are produced by a few mrlg 
d y r  

correlation. 

Resistivety - Resistivity has an expected correlation (+.70) with gamma ray response 
due to the higher radioactivity of black shales. 

Matrix Density - Matrix density yields weak correlations with LO1 550-1000°C (.+46), 

calcite ( - . 6 5 )  and. icaolinite (+.56). Examination of scatter plots indicates these 

correlations are meaningless, being produced by a few outlying points. Negative 
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Poros i ty  - The negat ive  co r re l az ion  wi th  140A c lay  ( - . 7 6 )  may r e f l e c t  t h e  lower 

abundance of 14QA c lay  i n  l e s s  dense samples as shown by t h e  ( - . 7 0 )  c o r r e l a t i o n  

between L O I 1 0 0 - 5 5 0 O C  and 14'A c l a y .  

L O 1 1 0 0 - 5 5 0 ° C  - Negative c o r r e l a t i o n s  with dens i ty  parameters are d iscussed  above. 

S u l f u r  - S u l f u r  shows a s t r o n g  c o r r e l a t i o n  (+.84) with p y r i t e  i n d i c a t i n g  t h a t  most 

sulfur is i n  p y r i t e .  The negat ive  c o r r e l a t i o n  (-.60) with ai lhydri te  i s  produced by 

a few ou t ly ing  po in t s .  

P y r i t e  - As i n  t h e  o v e r a l l  well, p y r i t e  shows a negat ive  c o r r e l a t i o n  (-.SS) with 

s i d e r i t e  r e f l e c t i n g  varying Eh-Ph environments. 

Thin s e c t i o n  s i l t  - Petrographic  quar tz - fe ldspor  ( s i l t )  shows a weak (+.58) c o r r e l a t i o n  

with t o t a l  q u a r t z  i n d i c a t i n g  t h a t  an apprec iab le  amount o f  c l a y  s i z e d  qua r t z  is p resen t .  

The p o s i t i v e  (+ .67 )  c o r r e l a t i o n  with p lag ioc lose  i s  expected s i n c e  s i l t - s i z e d  p l ag ioc la se  

is  included i n  t h i s  v a r i a b l e .  The c o r r e l a t i o n  with LO1 550-1000°C is f o r t u t o u s .  

Q u a r t z  - X-ray quartz show a s t r o n g  c o r r e l a t i o n  (+.8S) with  p l ag ioc la se  i n d i c a t i n g  

t h a t  b o t h d e t r i t a l  minerals are t r anspor t ed  toge the r .  

I l l i t e  - The p o s i t i v e  c o r r e l a t i o n  (+.80) with 140A c lays  i n d i c a t e s  t h a t  both minerals  

travel toge the r .  

The fol lowing c o r r e l a t i o n s  wi th  sample dep&$@d=ate t h a t  t h e  p rope r t i e$  of t h e  non- 

banded sha le s  change s t r a t i g r a p h i c a l l y .  @c'Fi/&akges -are*be-: analyzed by ,  an&Jsis of 

-- E < ? " y p ?  r" .. - I A ?I . -_ 
b- -,m 

" 0  k- ~ .A L.: 

E T, P '7 --2 a i : _- 
- ,  I -  

var iance  and are d iscussed  la t te r  w G ' u w u v w d  G &' I .  LL, 

Sample - MI550-10000C (+ .68) 

Sample - Thin Sec t ion  S i l t  (-.61) 

Sample - 140Clay (+ .60)  

Sample - Plagioc lase  ( - . 6 7 )  

Sample - Log Density (+ .59) 

Sample - Gamma ( + . S 7 )  

Di lu t ion  o f  one mineral  by another  produced t h e  following c o r r e l a t i o n s .  

Thin Sec t ion  S i l t  - C a l c i t e  ( - . 5 8 )  

Q u a r t z  - I l l i t e  ( - . 8 5 )  



._.._ -..- _ -  
W.Va.Geologica1 & Economic Survey 

Plagioclase - Illite (-.64) 

Plagioclase - 1 4 O A  clay ( - . 7 2 )  

13 
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Thinly- Laminated Shale  

Bulk Density - Ref lec t ing  the  low dens i ty  of organic  matter, bulk dens i ty  has a 

negat ive  c o r r e l a t i o n  ( - . 7 4 )  with L0I10O-55O0C. The c o r r e l a t i o n  (+.79) with mat r ix  

dens i ty  reflects the  low p o r o s i t y  o f  t h e  s h a l e s .  The negat ive  c o r r e l a t i o n s  with resist i-  

v i t y  (-.S4) and gamma r ay  response ( - . 4 8 )  reflect  the  a s s o c i a t i o n  o f  t hese  two 

va r i ab le s  with organic matter. A c o r r e l a t i o n  with 140A c l a y  is  f o r t u i t o u s .  

Log Density - Log d e n s i t y  shows an expected weak c o r r e l a t i o n  with LO1100-550°C 

( - .59).  The c o r r e l a t i o n  wi th  bulk dens i ty ,  measured i n  t h e  lab ,  i s  moderate (+.71) 

cons ider ing  t h a t  t he  sample depth i s  no t  co r rec t ed  t o  t h e  log depth.  A similiar 

c o r r e l a t i o n  (+70) e x i s t s  with mat r ix  dens i ty .  A f o r t u i t o u s  c o r r e l a t i o n  ( -  . 5 7 )  e x i s t s  

with anhydr i t e .  

Po ros i ty  - As i n  t h e  o v e r a l l  well, p o r o s i t y  shows a negat ive  c o r r e l a t i o n  (-.64) 

with bulk dens i ty .  

R e s i s t i v i t y  - The c o r r e l a t i o n  ( + 5 7 )  with gamma r ay  response reflects t h e i r  mutual 

a s s o c i a t i o n  with organic  con ten t .  Tho negat ive  c o r r e l a t i o n s  with bulk d e n s i t y  (-.54) 

and inatrix dens i ty  (-.54) a r e  aga in  r e l a t e d  t o  t h e  effect  o f  organic  mat te r .  A negat ive  

c o r r e l a t i o n  with i l l i t e  ( - . 6 2 )  and a p o s i t i v e  one with qua r t z  ( + . 5 2 )  i s  l i k e l y  due t o  

organic  r i c h  s h a l e s  conta in ing  s l i g h t l y  more qua r t z .  Cor re l a t ions  wi th  14OA c l a y  

(- . 63 )  and do lomi t e  (+  .55) are produced by o n c o r -  'two. o u t l y i n g  pb in tT? fan  o v e r a l l  

Gamma Ray Response - The highes t  c o r r e l L o h  Kith'-g&a ray- response  .is Tha't if LO1 
100-550°C (+. 73) r e f l e c t i n g  the  highek, &tmctlvity: o f  . , o s g h i c  r i c h  shakes. 

negat ive  c o r r e l a t i o n  (-.48) with mat r ix  dens i ty  i s  a l s o  organic  r e l a t e d .  .L\ weak 

m - 3  --I * , a ? -  '1 

k 1. - - 1 ;  - . . -  ," %'?, 

t r e n d  o f  no c o r r e l a t i o n .  f i  r". -.7 - ' .. -. - -3"p - .  - I 

/ '  -.. 

i 7 - \ 7  . .- -.- - 9 t a - 3  3 .  i i 

kid LdLaek2 0 & h z d  j k & d & & d  

c o r r e l a t i o n  ( + . 4 7 )  between LOI100-55OOC produces t h e  low c o r r e l a t i o n  ( + . 5 3 )  between 

gamma ray response and LO1 550-1OOOOC. A moderate c o r r e l a t i o n  (+.74) with szmolnokite 

i s  f o r t u i t o u s .  
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Loss on I g n i t i o n  100-55OOC - This  v a r i a b l e  which i s  b a s i c a l l y  a measure of 

organic  conten t  i s  nega t ive ly  c o r r e l a t e d  with dens i ty  parameters d i scussed  above. 

Sulfur - S u l f u r  has weak c o r r e l a t i o n s  with LOISSO-1000°C (c.48) and p y r i t e  

(+.54). Apparently, much of t h e  s u l f u r  i s  not  bound i n  p y r i t e .  

Thin Sec t ion  S i l t  - A s  i n  t h e  o v e r a l l  well, t h i n  s e c t i o n  qua r t z - f e ldspor  ( s i l t )  

is  p o s i t i v e l y  c o r r e l a t e d  with t o t a l  qua r t z  (+.82) and p l a g i o c l a s e  (+.84). 

A weak negat ive  c o r r e l a t i o n  ( -  .53) with  LOISSO-1000°C i s  f o r t u i t o u s .  

Quar t z  - Q u a r t z  shows a p o s i t i v e  c o r r e l a t i o n  with k a o l i n i t e  (+.61). This  may 

r ep resen t  d i agene t i c  a l t e r a t i o n  o f  f e l d s p a r  as k a o l i n i t e  is  p o s i t i v e l y  c o r r e l a t e d  

( + . 7 1 )  with  p l ag ioc la se .  

I l l i t e  - The p o s i t i v e  ( + . 7 3 )  c o r r e l a t i o n  wi th  14’A c l a y ,  as noted before ,  probably 

ref lects  t h e  two c l a y  minerals  t r a v e l i n g  toge the r .  A c o r r e l a t i o n  (+.47) with LO1 

550-100OOC is f o r t u i t o u s .  

Orthoclase-  A c o r r e l a t i o n  (+.54) with calci te  is f o r t u i t o u s .  

14OA Clay - A c o r r e l a t i o n  (+.SO) with mat r ix  d e n s i t y  is produced by one ou t ly ing  

data p o i n t .  

Cor re l a t ions  with sample depth r e f l ec t  d i f f e rences  between s t r a t i g r a p h i c  units 

The fol lowing c o r r e l a t i o n s  ref lect  d i l u t i o n  o f  one mineral  by another  

I l l i t e  - S i l t  (-.75) 

I l l i t e  - Q u a r t z  (-.96) 

I l l i t e  - P y r i t e  ( - . 5 3 )  

Q u a r t z  - 14OClay (-.72) 
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Len t i cu la r ly  -Laminated Shale  

Bulk Density - Bulk d e n s i t y  shows a n  expected negat ive  c o r r e l a t i o n  (-.60) with 

LOI100-55OOC due t o  the  low d e n s i t y  of organic  mat te r .  A negat ive c o r r e l a t i o n  

( - .54) with gamma r a y  response i s  a l s o  r e l a t e d  t o  organic  matter. The p o s i t i v e  

c o r r e l a t i o n  with LOISSO-1000°C ( + . 5 7 )  i s  produced by t h e  a s s o c i a t i o n  o f  t h a t  v a r i a b l e  

(SO2 evolved from p y r i t e )  with p y r i t e .  Tne low p o r o s i t y  o f  t h e  sha le s  causes t h e  high 

c o r r e l a t i o n  (+.86) with  matrix dens i ty .  

Log Density - Log dens i ty  i s  weakly c o r r e l a t e d  ( c . 5 6 )  with  bulk d e n s i t y  due t o  

uncorrected sample depths .  As similar s i t u a t i o n  e x i s t s  with r e spec t  t o  matr ix  dens i ty  

(+.52). Cor re l a t ions  with gamma ray  response ( - . 5 4 ) ,  LOI100-550°C (-.61) and LOISSO- 

1000°C (+.62) have the  sane explana t ion  as bulk d e n s i t y  above. 

Matrix Density- I n  a d d i t i o n  t o  t h e  c o r r e l a t i o n s  with t h e  d e n s i t y  parameters discussed 

above, matrix dens i ty  has a p o s i t i v e  c o r r e l a t i o n  (+.70)  with s u l f u r  and with LOI550- 

1000°C (+.62). Both are due t o  t h e  c o r r e l a t i o n  (+.60) between s u l f u r  and p y r i t e  ( . 6 0 ) .  

A negat ive  c o r r e l a t i o n  (-.61) with p l a g i o c l a s e  i s  f o r t u i t o u s .  

Loss on I g n i t i o n  100-55OOC - Aside f r o m  t he  above mentioned c o r r e l a t i o n  with dens i ty ,  

t h i s  v a r i a b l e  shows a weak nega t ive  (-.64) c o r r e l a t i o n  with L O 1  550-1000°C. Examination 

of scat ter  p l o t s  i n d i c a t e s  t h i s  c o r r e l a t i o n  i s  f o r t u i t o u s .  

Thin Sec t ion  S i l t  - Petrographic  qua r t z - f e ldspa r  has a weak ( + . 4 7 )  c o r r e l a t i o n  with 

t o t a l  qua r t z  suggest ing t h a t  much qua r t z  i s  c'f+@, L $ Y ~  o i t i v e  c o r r e l a t i o n  ( + . 5 7 )  
, 

1 1 .  
1 -  

i* 

with p l ag ioc la se  i n d i c a t e s  t h a t  some p l a g i o c l a  e travef.s..with s i l t  f r a c t i o n .  
-. 

( + . 7 7 )  as all a r e  d e t r i t a l  

p l ag ioc la se  show a p o s i t i v e  (+.61) Corre la t ion .  

and hemihydrate ( + . 8 3 )  are produced by a few ou t ly ing  p o i n t s  i n  a data set  wi th  many 

components of similar s ize  and dens i ty .  Or thoc lase  and 

Cor re l a t ions  with s i d e r i t e  ( + . 5 2 )  

zero va lues .  
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I l l i t e  - A c o r r e l a t i o n  ( + . 6 2 )  with dolomite i s  f o f i u i t o u s .  

1 4 O A  c lay  - This  v a r i a b l e  has c o r r e l a t i o n s  w i t h  s i d e r i t e  ( + . 5 6 )  and. L31.550 

-1OOOOC (+.60) which are induced by a few p o i n t s  on an o v e r a l l  t r end  of no 

c o r r e l a t i o n .  

Hemihydrate - Many c o r r e l a t i o n s  a r e  p re sen t  w i th  this v a r i a b l e  due t o  i ts  

imprecise  measurement and nea r  zero va lues .  As such 2 or 3 p o i n t s  of h ighe r  

value w i l l  produce meaningless c o r r e l a t i o n s  such as wi th  i l l i t e  ( - . 7 9 ) ,  c a l c i t e  

(+. 74) ,  or thoc la se  (+ .Sl) , p lag ioc la se  (+. 77) . 
Calcite - Cor re l a t ions  wi th  p y r i t e  ( c . 5 6 )  and o r thoc la se  (+ .72)  are f o r t u i t o u s .  

Dolomite - The c o r r e l a t i o n  wi th  s i d e r i t e  (+.68) probably reflects a chemical 

environment favorable  for the formation o f  carbonate  minera ls .  A c o r r e l a t i o n  

(+.82) with szmolnokite is f o r t u i t o u s ,  r e s u l t i n g  from a data se t  with many zeros .  

The fol lowing c o r r e l a t i o n s  wi th  sample depth reflect  differences i n  s t r a t i g r a p h i c  

units and are d iscussed  under a n a l y s i s  o f  var iance .  

Sample - Quartz  (-.60) 

Sample - Kaol in i t e ( -  .52) 

Sample - Gamma (-.75 ) 

Di lu t ion  effects i n  a c losed  data set produced the  nega t ive  c o r r e l a t i o n s  with 

i l l i t e .  

I l l i t e  - Quar t z  [-.95) 

I l l i t e  - Pyrite (-.67) 

Pll i te  - Calc i te ( - .63)  

I l l i t e  - Orthoclase  (-.69) 

1 7  
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Nonbanded Shale  

Bulk Densi ty  - B u l k  Densi ty  shows a p o s i t i v e  c o r r e l a t i o n  (+.S9) with matr ix  dens i ty  

due t o  t h e  low p o r o s i t y  of  t he  s h a l e s .  A negat ive  c o r r e l a t i o n  (-.49) with p o r o s i t y  

fol lows t h e  t r end  o f  t h e  overall well. A f o r t u i t o u s  c o r r e l a t i o n  ( + . 5 3 )  i s  p r e s e n t  

with szmolnokite.  

Log Densi ty  - Negative c o r r e l a t i o n s  wi th  LOI100-5500C (-.72) and p y r i t e  (-.71) 

ref lect  t h e  low dens i ty  of  organic  matter and t h e  a s s o c i a t i o n  o f  p y r i t e  and organic  

matter i n  t h i s  l i t h o t y p e .  Negative c o r r e l a t i o n s  with r e s i s t i v i t y  (-.51) and gamma 

ray  response (-.S3) are aga in  related t o  organic  matter. P o s i t i v e  c o r r e l a t i o n s  with 

140A c lay  (c .57)  and i l l i t e  (+.69) are due t o  l e s s  organic  matter i n  c l ay  r i c h  s h a l e s .  

For tu i tuous  c o r r e l a t i o n s  are produced with k a o l i n i t e  (+.64) and szmolnokite ( - . 5 6 ) .  

Negative c o r r e l a t i o n s  with q u a r t z  (-.60) and sulfur ( - . 7 1 )  re f lec t  g r e a t e r  qua r t z  

and p y r i t e  i n  organic  r i c h  s h a l e s .  

Matrix Density - Cor re l a t ions  with M I  550-1000°C ( + . 5 9 )  and sulfur (+ .59 )  are due 

t o  t h e  a s s o c i a t i o n  o f  t hese  v a r i a b l e s  with high dens i ty  p y r i t e .  Cor re l a t ions  w i t h  

mineral  components hemihydrate I-. 71), c a l c i t e  ( .51) , anhydr i t e  ( -  . 5 5 )  are fortuitous . 
Poros i ty-  I n  a d d i t i o n  t o  t h e  aforementioned c o r r e l a t i o n  with bulk dens i ty ,  p o r o s i t y  

shows a p o s i t i v e  a s s o c i a t i o n  ( + . 5 8 )  with p y r i t e .  This a s s o c i a t i o n  has been documented 

by us  i n  t h e  3 oxher con t r ac t ed  wells. A is f o r t u i t o u s .  

R e s i s t i v i t y  - A negat ive matter 
li 

i n  c l a y  r i c h  sha le s .  The p o s i t i v e  a s s o c i a t i 0 3  with-gamare ~y 

Gamma Ray Response - A n e g a t i v e  corrala-$io$' 
- * ,&&&sTb 

is due t o  both 
. + l m n -  - 

varying as a func t ion  o f  organic  cuat.ent. 
\-+' ': 

matter i n  c l a y  r i c h  s h a l e s .  , 

Loss on I g n i t i o n  100-550°C - Negative c o r r e l a t i o n s  with i l l i t e  (-.84) and l j o A  c lay  

( - . 7 2 )  are due t o  t h e  h igher  qua r t z  (+ .79 )  content  of o rgan ic - r i ch  s h a l e s .  P o s i t i v e  

c o r r e l a t i o n s  with p m t e  ( + . 8 2 )  and sulfur ( c . 7 7 )  pmbably  ref lect  chemical condi t ions  
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conducive to the preservation of organic matter and the formation of pyrite. A 

Correlation (+.73) with szmolnokite likely reflects its formation as an alteration 

product of pyrite. 

Loss on Ignition 550-1OOOOC - Along with the aforementioned correlation with 
matrix density, a positive correlation exists with ankerite (c.68) due to the l o s s  

of C02 on heating. A correlation with hemihydrate ( - .68) is fortuitous. 

Pyrite, Sulfur - A strong positive correlation with pyrite (+.99) indicates that 

most sulfur is in pyrite. A positive correlation ( + . 8 3 )  between quartz and pyrite 

produces the correlation (+.76) between sulfur and quartz. Correlations of szmolnokite 

with pyrite (+.71) and sulfur (+.72) may reflect its formation as an alteration 

product of pyrite. The negative correlation ( - .68) between siderite and pyrite 

produces the negative correlation ( - .66) between sulfur and siderite. Pyrite and 

140A clay have a negative ( - .63) correlation due to clay diluting the organic content 

of the shale. The negative ( - .59) correlation between pyrite and hemihydrate is fortuitous. 

Thin Section Silt - Petrographic (quartz-feldspar) is as expected positively correlated 
(c .83)  with total quartz . A correlation (+.63) with pyrite reflects the correlation of 

quartz with pyrite. 

Quartz - Correlation with szmolnokite (+.64) is produced by the positive correlations 

between quartz and pyrite and pyrite and szmolnokite. Positive correlations with calcite 

(+.55) and dolomite (c.58) are fortuitous. 

Illite - Positive correlation (c.79) with 140A clay reflects association of clay 

minerals probably due to similar hydraulic properties. Positive correlation with 

siderite is caused by negative correpi'ons .&$ween illite-ky$$e and pyrite - siderite. 
- -a 

* F a  p ?  , Z m e  I - . 7 4  
t -  a -  

in a data set with many zero values. 

"he following correlations reflect stratigraphic differences and are discussed under 

analysis of variance. 
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Sample - Kaolinite ( - .SO)  

Sample - Thin Section Silt ( - .80) 

Sample - 1 4 0 A  Clay ( c . 7 8 )  

Sample - Gamma Ray ( + . 7 6 )  

Dilution of one mineral by another produced the resulting correlations 

Thin Section Silt - 1 4 0 A  C l a y  (-.80) 

Quar tz  14'A Clay (- .83) - 
- Illite ( - . 9 7 )  Quartz 

Thin Section Silt - Illite (-.80) 

- Illite (-.92) 

- Illite ( - . 8 8 )  

Pyrite 

Sulfur 
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Statistical Correlations by 

Stratigraphic Unit 

Three stratigraphic units contained enough samples to allow statistical analysis; 

Three Lick Bed, Upper-Middle portion of Huron Member, Lower Portion of Huron Member. 

Comperisons between units are discussed under analysis of variance . Only correlations 
(probability > 95%) within units are discussed here. 

Three Lick Bed 

Bulk Density - Bulk density is positively correlated (+.go) to matrix density due 

to the low porosity of the shales. The high correlation also documents good precision 

in density measurements. Correlations with 140A clay (+.SO), calcite (-.Sl), and 

plagioclase (-.SO) are produced by a few outlying data points and are meaningless. 

The correlation'of sulfur with bulk density (+.48) is also reflected in the correaltion 

of LO1 550-1000°C (c.57) with bulk density (SO2 evolved at high temperature). 

Lop; Density 

reflecting the low density of organic matter. Negative correlations with gamma ray 

(-.68) and resistivity ( - . 6 7 )  are again related to organic matter. The correlations 

LO1 100-55OOC is negatively correlated with l og  density (e.59) 

with porosity (-.48) and kaolinite (+.53) are fortuitous, having no predictive value. 

Matrix Density - Matrix density is positively correlated with high density pyrite and 
its associated variables sulfur (+.74)  and LO1 550-1000 ative cone- 

lation with siderite (-.SS) reflects sideri 

correlation with anhydrite (-.48) is 

Porosity - Porosity his a weak corr 
its correlation with pyrite. A corr 

Resistivity - Resistivity is negatively correlated with log density due to organic 
content. A weak negative correlation (-.51) with illite may be causdby lower organic 

content of clay rich shale. 
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Gamma Ray Response - Gamma ray shows a positive correlation (+.49) with L O 1  100- 

55OoC, but uncorrected sample depth limits the correlation. A correlation with 

I ~ O A  clay is fortuitous. 

Loss on Ignition 100-550°C - Aside from aforementioned correlations with density, 

a positive relationship between organic content and pyrite (+.69) and sulfur ( c . 6 3 )  

is present. Correlations with 14Oclay (-.51) and illite ( - . 5 7 )  may reflect dilution. 

A correlation with hemihydrate (- .57) is fortuitous. 

Sulfur, Pyrite - Sulfur and pyrite show a strong positive correlation ( + . 9 2 )  

indicating most sulfur occurs in pyrite. Pyrite (+.52) and sulfur (+.71) are both 

correlated with LO1 550-1OOOOC refecting the loss of SO2 on heating. Pyrite 

(+.58), sulfur (+.63), and LO1 550-1OOOOC (+.55) show correlations with szmolnokice, 

probably due to the formation of this iron sulfate from pyrite. Pyrite and siderite 

have a strong negative (-.80) correlation reflecting changing Eh-Ph conditions. 

This correlation produces the negative correlation (-.75) between siderite and 

sulfur. 

Thin Section Silt - Petrographic quartz-feldspar (silt) is positively (+.81) 
correlated with total quartz. A positive correlation (+ .68 )  with plagioclase 

indicates that it travels with quartz as a detritalcomponent. 

Quartz - Total quartz also strongly correlates ( + . 8 3 )  with plagioclase. 

L 

Illtte - Illite shows a positive c 
minerals traveling together. 

Calcite - Calcite shows posi ents; quartz 

(+.63), orthoclase ( + . 6 8 )  ell fragments 

mixed in with siltier zon 

clay due to the clay 

3 -  

Hemihydrate - Correlation with kaolinite ( + . 6 8 ) ,  dolomite ( - .71) ,  and sample depth 

(+.61) are fortuitous, being produced by a few high values in a data set with many 

zeros. 
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Sample depth - Corre la t ions  with LOI100-550 ( - . 6 2 ) ,  g m a  ray (- .64),  s i l t  

( - .71) ,  log dens i ty  (+.89), and 14OA c lay  (+.68) r e f l e c t  less organic  matter in t he  

lower - p o r t i o n  of t h e  cored i n t e r v a l  of  t h e T h r e e  L ick  Bed. See s t r i p  log o f  LO1 

100-55ooc. 

Di lu t ion  of  one mineral by another  produced t h e  following c o r r e l a t i o n s  

- 140A Clay ( -  .S8) 

- I l l i t e  [ - . 7 1 )  

- ( - .'5 9) 

- ( - .S l )  

I l l i t e  - Pyrite ( - . 6 3 )  

I l l i t e  - Quar t z  (-.go) 

- ( -  .65) 

S i l t  

S i l t  

I l l i t e  Pla g ioc la se  

I l l i t e  Calcite 

Quar tz  14OC 1 ay 

Plag ioc lase  - 140Clay (--53) 
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Upper -Middle Huron 

3ulk Density - Bulk d e n s i t y  has a negat ive  c o r r e l a t i o n  (-.76) with i )oros i ty  as 

discussed i n  the  o v e r a l l  well. A negat ive  c o r r e l a t i o n  (-.64) with qua r t z  r e f l e c t s  

t he  c o r r e l a t i o n  o f  qua r t z  and organic  con ten t .  The c o r r e l a t i o n  with hemihydrate 

( - . 8 7 )  i s  f o r t u i t o u s ,  r ep resen t ing  a few high values  i n  the  d a t a  s e t .  Bulk dens i ty  

has a nega t ive  c o r r e l a t i o n  ( - . 6 6 )  with  LO1100-550°C r e f l e c t i n g  t h e  low dens i ty  of 

organic  matter. 

Poros i ty  - I n  a d d i t i o n  t o  t h e  c o r r e l a t i o n  with bulk dens i ty ,  p o r o s i t y  show a 

f o r t u i t o u s  c o r r e l a t i o n  ( + . 6 6 )  with hemihydrate. 

R e s i s t i v i t y  - A negat ive  c o r r e l a t i o n  (-.84) with s u l f u r  reflects t h e  problem of  

comparing log  d a t a  t o  depth uncorrected p o i n t  samples. Although s i g n i f i c a n t ,  the  

c o r r e l a t i o n  is meaningless.  

Loss on I g n i t i o n  100-55OOC - This v a r i a b l e  is p o s i t i v e l y  c o r r e l a t e d  with p y r i t e  

( + . 7 5 )  and s u l f u r  (+.64) probably because t h e  chemical condi t ion  favorable  f o r  

preserv ing  organic  matter f avor s  p y r i t e  formation.  Cor re l a t ions  with qua r t z  ( + . 7 1 )  

and i l l i t e  ( - . 7 5 )  ref lect  g r e a t e r  quar tz  and less c l ay  i n  organic  r i c h  s h a l e s .  

Quartz - Q u a r t z  has a p o s i t i v e  c o r r e l a t i o n  with p l ag ioc la se  (+.68) as both d e t r i t a l  

minerals  t r a v e l  t oge the r .  A s i m i l a r  c o r r e l a t i o n  exists wi th  s i l t  (pe t rographic  quar tz -  

f e ldspa r )  and p l ag ioc la se  ( + . 7 2 ) .  A c o r r e l a t i o n  ( + . 8 6 )  with  hemihydrate i s  meaningless, 

r e f l e c t i n g  a few high va lues .  The c o r r e l a t i o n  between qua r t z  and organic  conten t  

produces t h e  c o r r e l a t i o n  ( + . 7 7 )  be 

I l l i t e  - A c o r r e l a t i o n  ( - . 8 3 )  with h e h i h y d r a t e - i s  meaningless; p F c e d  by a few 

-+ - --q 
Ln8 p y r i t e .  , t"* i L -  -I - 

r -  - 
- I  . - - 2  . , - 2 - - 4 2  . _ _  --- high  va lues .  s . -  

,I - ? 7 -3, 1 
r; -, -7 13 

Sample Depth - As shown on r ~ l y t x f p ~ ~ h Z ~ :  resiqtiiitp &c&ksJqJ3.Jl] while sulfur 

(-. 84) and szmolnokite (-. &Ydid&&e with depth wi th in  t h e  cored i n t e r v a l .  
L . c J  L i l S l J  -- 

-1 $1 't;l3 

The fol lowing c o r r e l a t i o n s  ref lect  d i l u t i o n  o f  one mineral  by another  

I l l i t e  - L0I55U-10OO0C ( - .  75) 

I l l i t e  - P y r i t e  ( - . 7 6 )  

I l l i t e  -Quar t z  (-.98) 



I l l i t e  - Plagioc lase  

I l l i t e  - S i d e r i t e  

- . . . . . . 
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(-.66) 

( -  . 65 )  
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Lower Huron 

Bulk Densi ty  - A p o s i t i v e  c o r r e l a t i o n  with matrix d e n s i t y  (+.77)  r e f l e c t s  t h e  

low p o r o s i t y  o f  t h e  s h a l e s .  

t h e  t r end  f o r  t h e  o v e r a l l  w e l l .  A negat ive c o r r e l a t i o n  with LO1 100-550 ( - . 6 0 )  

Poros i ty  shows a negat ive  c o r r e l a t i o n  (- .67) as i n  

is due t o  t h e  low d e n s i t y  o f  organic  matter. 

Log Density - Log d e n s i t y  shows an expected negat ive  c o r r e l a t i o n  ( - . 7 3 )  with  

gamma ray  response.  LO1 10O-55O0C has a negat ive  c o r r e l a t i o n  ( - .57)  with log  dens i ty  

due t h e  low dens i ty  o f  organic  ma t t e r .  A c o r r e l a t i o n  wi th  14'A c l ay  (+.69) may be 

r e l a t e d  t o  t h e  g r e a t e r  c l a y  content  o f  l e s s  organic  r i c h  sha le s  as LO1 100-550 i s  

nega t ive ly  c o r r e l a t e d  ( -  .59) with 14'A c l a y .  

Loss on I g n i t i o n  100-55OOC - As with bulk dens i ty  and l o g  dens i ty ,  t h i s  v a r i a b l e  

shows a negat ive  c o r r e l a t i o n  with matrix dens i ty  ( - . 6 9 ) .  P o s i t i v e  c o r r e l a t i o n s  e x i s t  

with p y r i t e  (+.54) and s u l f u r  ( . 58 ) .  

S u l f u r  - Sulfur i s  p o s i t i v e l y  c o r r e l a t e d  ( + . 7 4 )  with  p y r i t e  i n d i c a t i n g  most s u l f u r  

is i n  p y r i t e .  A weak c o r r e l a t i o n  with p o r o s i t y  (+ .49)  may ref lect  the  a s s o c i a t i o n  

previous ly  descr ibed  by us between p y r i t e  and po ros i ty .  

!&art2 - Quartz has a p o s i t i v e  c o r r e l a t i o n  wi th  p l ag ioc la se  (+ .75)  as both are 

d e t r i t a l  minerals  o f  similar d e n s i t i e s .  

Sample Depth - Log d e n s i t y  decreases  ( - . 5 9 )  and gamma ray response inc reases  (+.60) 

due t o  t h e  greater th ickness  of  black sha le s  i n  t h e  basalpqr$ion,-qfk 

'Ihe fol lowing c o r r e l a t i o n s  are f o r t u i t o u s ,  

e lower Huron. 

by f e w  extArne values  
- I  

- 1  

commonly i n  d a t a  sets having many zeroAoj_nts. 
- !  2 . "4 * -  ' - 1  -- 

-- r  14OA Clay - hhq&&ae llz - , 7-:57j .l- - - ~ 2 2 " ,. -->..n 
J:sl.l - 1 7  I -IR , '  - -  

14OA Clay - ?'bt+x hIlSf%y : i ( - . 5 7 u  d 3 2  ' r" 
,,&&&-a* 

C a l c i t e  - Orthoclase (+.SO) 

H e m i  hydrate  Quar t z  (+ . 6 2 )  

Hemihydrate - Calcite (c .57)  

Hemihydrate - Orthoclase (+.51) 

Hemihydrate - Plagioc lase  (+ .75) 
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Dilution of one mineral hy another produced the following correlations. 

Illite - Silt ( -  .45) 

IPlite - Q u a r t z  (-.91) 

Illite - Pyrite ( - . 5 8 )  

Illite - Orthoclase (-.49) 

Illite - Plagioclase C- .54) 

27 
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Analysis of Variance 

f 

In analyzing the stratigraphic units and lithologic types, one impurtant question is, 

do the analytical and petrophysical parameters show stratigraphic and or lithologic 

differences. A preliminary step to answering this question is the univariate analysis of 

variance which looks for differences for a given variable in stratigraphic and lithologic 

divisions. Results franWise 253 are given below. Probabilities greater than 95% are 

marked with an asterisk and indicate that at least one stratigraphic unit  o r  lithologic 

ty-pe has a significant difference f o r  the parameter under consideration. 

Parameter 

14'Clay 

Illite 

Quartz 

Pyrite 

LO1 100 - 550 oc 

LO1 550 - 10000c 
Sulfur 

Bulk Density 

Matrix Density 

Log Density 

Porosity 

Gamma Ray 

Re s is t ivi ty 

Silt 

Strati graphic 

.0001 
* 

.0046 

.0002 * 

,3200 

,0004 * 

Lithologic 
* 

-0043 

. 5 7 5 3  

.2148 

.3592 

.oa12  

.2463 

.OOOl 

.0107 * 

* 

.0001 * 

.1336 

.6 266 

-3857  

.4aa2 
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The univariate analysis of variance, indicates that most differences are 

stratigaphic, that is at least one of the stratigraphic units is different. All 

parameters except sulfur, pyrite, and porosity show a stratigraphic difference. 

The only differences between lithologic types are 14' clay, bulk density, matrix 

density, and log density. LO1 100-500 OC approaches significance and it is this 

variable which induces the differences in density. The fact that compositional 

between differences between the lithologic types is not great supports a classification 

by fabric elements. 

In order to determine which specific stratigraphic unit(s) and lithologic type(s) 

showed a significant difference for a given parameter, Duncan's Multiple Range Test 

was run. Results are discussed for each parameter below. 

14'A Clay- Three Lick Bed and Cleveland Shale have significantly lower 14' clay 

content tha? qper-niddle Huron and lower Huron. 

Illite- Three Lick Bed is significantly lower in illite content than upper-middle 

Huron and lower Huron. 

Quartz - Although the analysis of variance indicated a significant difference, 
Duncan's test does not indicate an appreciable difference, this is likely due to the 

small sample size of some of the stratigraphic units. A trend exists, however, with 

he Huron Member. the Cleveland Shale and Lick Bed having 

LO1 100-550°C - Three Lick Bed and lower 
matter than upper-middle Huron. 

LO1 5SO-1000°C - Three Lick Bed 
upper-middle Huron and lower Hur 

29 

Bulk Density- "he Cleveland Shale has a significantly lower 

its high organic content. The non banded lithologic type has significantly higher 

b u l k  density. 

bulk density due to 
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Matrix Density - 
due to its higher organic content. 

The Cleveland Shale has a significantly lower matrix density 

Log Density - 
its higher organic content. The upper-middle Huron has a significantly higher l og  

density than other stratigraphic units. Siltstones have a higher log density than the 

shale lithotypes. 

The Cleveland Shale has a significantly lower log density due to 

Gamma Ray Response - The lower Huron has a significantly higher gamma may response than 

other stratigraphic units. 

Resistivity - The Three Lick Bed and lower Huron have a significantly higher resistivit) 

Silt - The Cleveland Shale and Three Lick Bed have a significantly higher silt content 
than the upper-middle Huron and Lower Huron. 
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Petrologic Examination of Fractures in Wise 253 

The Wise 253 core exhibited numerous natural fractures and a sufficient 

thickness of black shale,but failed to have a natural open flow as measured bythe 

temperature log.6xamination of the natural fractures provides possible explanations. 

The vertical fractures in the core were mineralized. In contrast to some of the 

partially mineralized fractures seen in the Lincoln 1637 and Jackson 1369 cores, 

these fractures were tightly mineralized by carbonates and sulfatesand could 

not be impregnated with colored epoxy. As such, porosity and permeability is 

interpreted to be very low. 

Most fractures in core were low angle slickensided fractures. Some contained 

megascopic fibrous mineralization which appear very tight in thin section. 

Fibrous 'fillings are interpreted by Duney and Ramsey (1973) to represent syntectonic 

crystallization of a progressing opening fracture. Many slickensided fractures 

lacked megascopic crystallization, but examination by scanning election microscopy 

revealed minute euhedral carbonates and sulfates. Apparently some porosity can be 

associated with tightly appeal 

shows are associated. Two possible e 

some porosity is present, perhaps it 

slickensided surfaces are i 

by movement and propping alon 

effect of the fracture. Exami 

revealed in impermeable looking surface that locked grain to grain boundaries. 

Even if some porosity is present, gas diffusion f r o m  the matrix will be greatly 

inhibited. This observation lends support to the contention of Schletter (1978) 

that free gas in the fractures can be depleted in a matter of days and that most 

31 
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product ion r ep resen t s  d i f f u s i o n  from the  mat r ix .  

Af te rcryogenic  s t imu la t ion  of  t h e  lower Huron i n t e r v a l ,  Wise 253 had recorded 

product ion o f  134 MCF p e r  day. 

some " f r ac tu re ( s ) "  l oca t ed  beyond t h e  wel lbore o r  d id  it d i f f u s e  from t h e  matrix 

i n t o  t h e  a r t i f i c i a l l y  c rea t ed  open f r a c t u r e ?  

d i f f e r e n t  from t h a t  o f  Jackson 1371. Jackson 1371 had a comperable th ickness  o f  black sha : 

and only 1 s l i ckens ided  fracture p resen t .  I t  had no recorded n a t u r a l  open flow bu t  

produced 173 MCF p e r  day af ter  hydraul ic  f r a c i n g .  One conclusion t h a t  can be drawn 

i s  t h a t  t h e  presence o r  absence of  s l i ckens ided  f r a c t u r e s  does not  appear t o  g r e a t l y  

inf luence  t h e  p roduc t iv i ty  o f  a s h a l e  well. Vertical f r a c t u r e s  a s soc ia t ed  with 

One ques t ion  i s  y e t  unanswered; was t h i s  gas from 

The product ion from t h i s  well i s  not  much 

t h r u s t i n g  i n  t h i s  well a r e  t i g h t l y  mineral ized,  probably r e f l e c t i n g  p r e c i p i t a t i o n  

from the  pore  f l u i d s  that helped i n i t i a t e  t h r u s t i n g  Areas o f  low angle  f a u l t i n g  

may o f f e r  no g r e a t  advantage f o r  l o c a t i n g  s h a l e  wells. Representa t ive  i l i u s t r a t i o n s  

o f  t h e  f r a c t u r e s  found i n  Wise 253 are given on the  fol lowing pages.  
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Figure 3. A) High-angle vertical fractures in black shale. Fractures are mineralized 

giving them greater density in the radiograph. B) Photomicrograph of dolomite 

minerial filling showing tight nature of mineralization. No gas show w a s  associated 

with this vertical fracture. From a core depth of 4914 feet. 
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Figure 4. A) 

Apparen t ly , in i t i a l  f r a c t u r i n g  w a s  related t o  t i g h t  fo ld ing .  

filled by carbonates and sulfates, they were o f f s e t  along bedding planes a t  p l aces .  

From a core depth of  4928 feet. 

o f  en-echelon mineral f i l l ed  fractures formed i n  a shear  zone. Frac tures  are t i g h t l y  min- 

eralized by carbonates and sulfates. From a core depth of  4931 feet. 

Complexly fractured laminated shale as seen i n  radiograph. 

After these fractures were 

B). Photo of 4 inch diameter core showing a r r a y  

-c 

33 
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Figure 5 .  A) 

f racture .  Such fractures  are very common i n  this core, but are not associated w i t h  

gas shows. F r o m  a core depth of 5393' 

mineralization (darkest tone at bottom of sample) developed a t  contact with slicken- 

sided fractures .  P r o m  a core depth of 5305 fee t .  C) Photomicrograph o f  f ib rous  mineral 

filling. Dolomite c rys ta l s  extend perpendicular t o  the f racture  walls. L i t t l e  porosity 

is present. F r o m  a core depth o f  5305 fee t .  

Photo o f  4 inch core showing typical appearance of slickensided 

B) Radiograph of black shale with fibrous 
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Figure 6 .  A) Scanning election microscope photomicrograph of slickensided fracture 

showing enhedral gypsum crystal. Apparently, some poros i ty  is associated even with 

slickensided fractures. Note smooth glassy surface of fracture. From a core depth of 

5325 feet. 

effect of slickensided fracture. Surface on left is artificially fractured, but is 

not greatly different in appearance from unmineralized ‘natural vertical fractures. 

Slickensided surface shows complete obliteration of  grain to grain boundaries. 

From a core depth of 5331 feet. 

B) Scanning electron microscope photomicrograph illustrating sealing 

39 
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Conclusions and Recommendations 

1) 

shale lithotypes. It is not dominated by any specific lithotype. Compositional 

differences between shale lithotypes defined by fabric elements are minor. As such, 

difinition of lithotypes by fabric elements, yields a type of information that is over- 

looked by a strict compositional classification. 

21 The shale lithotypes reflect differing arrangements of organic and mineral 

constituents and likely have different degrassing properties. To date, no pearmeability 

or diffusion determinations have been performed on specific lithotypes, but onvauge 

The lower Huron of Wise County is characterized by an assemblage of different 

categories as '*grey'' o r  "black" shale. In order to better understand the gas sorping 

capacities and transmission proporties of the shale it is recommended that a portion 

of the core on which these tests are run be retained for description by a petmlogigt. 

It has been 

Huhfer and Hohn (1979) that these lithotypes have different geographical distribution within 

shown by us in previous reports Nuhfer, Vinopal, and Hohn (1978) Vinopal, 

the lower Huron. 

3) 

of the total matrix porosity pres 

porosity appears to be of little importa 

of the shale. 

4) Numerous slickensided fractures 

fractures were found in the core. 

Even slickensided fractures have 

Association of pyrite with matrix porosity is again confirmed. About 1 i 3  to 1/2  

recharge of gas from the shale matrix through the slickensided "skin" to any, 

fracture appears virtually impossible. 

appear to of fe r  no advantage f o r  locating shale wells. 

whether shale wells which produces at a modest rate after stimulation do SO because the 

Thus, areas dominated by low-angle deformation 

One issue unresolved is 
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n a t u r a l  f r a c t u r e  system was tapped or because the a r t i f i c i a l  f r a c t u r e s  d r a i n  gas 

from the  matrix. Wise 253 and Jackson 1371 both had no open flow, b u t  had modest 

product ion after s t imu la t ion .  I t  seems somewhat u n r e a l i s t i c  t o  envis ion  t h a t  both 

cores  9nissed” nearly open fractures. 
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Key t o  Abbreviations i n  Appendices 

SAMPLE - Sample number, depth i n  feet  

LOSIG 100 - weight % loss on i g n i t i o n ,  100-55OOC 

LOSIG 500 - weight % l o s s  on i g n i t i o n ,  550-1OOOOC 

SULFUR - t o t a l  weight % sulfur f r o m  LECO method 

BULKDEN - bulk dens i ty  (g/cc) measured on core sample 

MATRXDEN - matrix dens i ty  (g/cc) measured on core  sample 

LOGDEN - bulk dens i ty  (g/cc) from dens i ty  log  

POROSITY - percent  po ros i ty  o f  samples from matr ix  and bulk dens i ty  measurements 

GAMMA - A P I  units f r o m  gamma ray log 

QUARTZ - percent  quar tz - fe ldspar  ( s i l t )  measured i n  t h i n  sec t ion  

EXP - r e l a t i v e  amount o f  140A c lay  mineral by X-ray d i f f r a c t i o n  

ILL - 
COQ - 
KAO - 
%M - 
.4NH - 
SZN - 
QTZ - 
PYR - 
CAL - 

f f  

f I  

I 1  

f t  

t I  

I 1  

I t  

1 1  

I t  

f l  

1 1  

II 

I 1  

I 1  

I t  

11 

11 

I f  

i l l i t e  

coquimbite 

kao l in i  t e  

hemi-hydrate 

If anhydri t e  

s z m l n o k i t e  

quar tz  

I' p y r i t e  

I' ca lc i te  

DOL - f t  I 1  dolomite 

ORT - 11 1 1  or thoc lase  

PLA - I t  I 1  I f  plagioc lase  

SID - t I  ll s i d e r i t e  

I f  anke r i t e  I t  I f  ANK - 

I 1  

f f  

I 1  

t l  

I f  

II 

I t  

I 1  

f I  

f I  

1 1  

I 1  

11 

GRDEX - computed gra in  dens i ty  (g/cc) of sample using compositional percentages 
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Appendix A : Strip Logs of Measured Parameters 

Lithotype Abbreviations 

1. 

2 .  

3.  

4 .  

5 .  

6 .  

7 .  

Siltstones 

Sharp1y:banded shale 

Thinly-laminated shale 

Lenticularly-laminated shale 

Combination types 

Non banded shale 

Concretions 



,GK -i. .e 
W.Va.Geologica1 & Economic Survey 

t 

OEPT’1 IN FEET 
CORE 31 





_ - .  .... - U . . "  

W.Va.Geologica1 6 Economic Survey 

DEPTF! I N  FEET 
CORE 31 

I 

k 



UGR File  # 2 1 0  
W.Va.Geologica1 & 

49 

Economic Survey 
li -. - 
.d -- ! 

,- n 



UGR F i l e  #210 
W.Va.Geologica1 & Economic Survey 

d 

I n - 
- 1  

I 
L- 

- 1  

L C r  

i 

i 



" - I - .  ___._ I.... 
W.Va.Geologica1 & Economic Survey 

I 

't 

C 
0 



.. - - L .  __..- i--- 
W.Va.Geologica1 & Economic Survey 

1 

G 
5' 6L 



_.. 
-3 . .__. - I.. - 

W.Va.Geologica1 t, Economic Survey 

* -  
?I 

OEFTH I?; FEET 
CGRE 3i 



t 

i 



-I,,-. - .___ e &..- 

!''.Ira. Geological 6 Economic Survey 5 5  

t 

r 

i I /  1 :  I I 



-L-. -i. .e .:i..I 

W.Va.Geologica1 & Economic Survey 3 



UGR File #210 
W.Va.Geologica1 & Economic Survey 

! 
i 

I 
si I 

\ 

DEPT'i IN FEET 
L O ~ E  3i 



I - . . . .. - .- . . - 
W.Va.Geologica1 & Economic Survey 

L L I I 

j 
.1 \ 

+ 

DEPTY I N  FEET 
CORE 31 

- c  - -  r-O- 
. =-\ 

L. LJ 



UGR File #210 
W.Va.Geologica1 6 Economic Survey 

Appendix B. Correlations within 

the Three Lick Bed 



, 





---F-T--- 

P f ;  f;i 0- 

>- t-i P I  

! 
! 

I 
I 

- 
c 

j I  j 



63 

c 
E 
0 

t I ' I 1  

d2- bl. !*-. 

z c  
c 
Ei :  
i - 
L) 
a 
e 
0 0  u *  v 

'T 



M
A

N
C

lV
A

 
OF

 C
O

R
E

 
31

 
(W

'ls
,: 

C
O

U
N

T
Y

) 
-

-
~

-
 

- 
-_

 
I 

I 
C

O
R

H
E

I.
A

T
lO

N
 

C
O

L
W

JC
IE

N
T

S
 
/ 

P
R

O
6 

> 
/R

I 
U

N
O

E
R

 
1t

O
IR

H
O

=
O

 
/ 

N
 

= 
2

0
 

A
N

K
 

G
R

D
E

N
 

3
 



_ _  
65 W.Va.Geologica1 & Economic Survey 

Appendix C. Corre3ations within 

the upper-middle portion o f  

the Huron Member 
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Appendix F. Crossplots of Selected 

Variables Coded by Lithotype 

Plot Codes 

1) Siltstone ' 

2) Sharply-banded shale 

3) Thinly-laminated shale 

4) Lenticularly-laminated shale 

6) Non banded shale 
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W.Va.Geologica1 & Economic Survey 

Summary of Contractural Fulfillment 

Parameter Contractural Requirement 
Thin section mineralogy Yes 

Texture-fabric from thin sections 

Yes 

no 

X-ray diffraction mineralogy 

Texture - f abri c from X -radiography 
Study by scanning electron microscopy 

Organic matter from LO1 

Bulk Density 

Matrix Density 

Porosity 

Material-balance density 

Correlation analysis whole well 

Correlation analysis by lithotype 

Correlation analysis by stratigraphy 

Interpretation o f  correlation matrices 

Strip log presentations 

Relate log data to analytical data 

no 

Yes 

no 

no 

no 

. -  
+ . _ -  

Fulfi 11 ed 

Yes 



UGR F i l e  nY210 
W .  Va. Geological & Economic Survey 

I gn 

Contributors 

by Alphabetical Order 

J.L. Clagett - Radiography, staining of thin-sections. 
J.E. Florence - Initial sample preparation, thin-slabbing of shales for 

X-radiography, preparation of archive material. 

M.E. Hohn - Computer generation of strip l og  profiles, linear correlation tables, 

data cross plots, multivariate analysis. 

J . F .  Kposowa - Sample preparation and diffractometer operator. 

E.B. Nuhfer --Design of investigation, development of methodology, fabric 

classification by lithotypes, interpretation of correlation matrices, organization 0: 

report. 

P.W. Queen - drafting. 
J .J .  Renton - X-ray diffraction study 

1 -* . 

''3 
y _ _ _  A 4-2- "A 

+ . . A  
r - -  

J.Schwietering - Stratigraphic subdivisiorj. iC I - q 
R.X.  Srnosna - Administration c -  - 

k x  Y .J 
R . J .  Vinopal - Loss on ignition determixxtZfion~dmfsl'y"-porosity measurements, fabric 

classification by lithotypes, sample selection, thin-section microscopy, 

interpretation of carrelation matrices, organization of report, conclusions and 

recommendations 




